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search for the responsible gene. Genetic linkage studies have shown that
the heritable cases without a deletion involve a mutation at the same site.

Although carriers of the mutation develop a mean of three to four
tumors, the inherited mutation alone is not sufficient for the production of
the cancer; another event is necessary. The second event that is necessary
is the loss or mutation of the normal allele on the other chromosome 13 by
nondisjunction, deletion, genetic recombination, or local mutation (Ca82,
Kn85). The result in all cases is the same: the tumor cell contains no
normal copy of the retinoblastoma gene. Hence, although inheritance of
the predisposition is dominant, oncogenesis at the cellular level is reces-
sive. Therefore, the normal allele can be viewed as protective, thus, the
designation tumor-suppressor gene, or antioncogene.

Patients with retinoblastoma have a high risk of developing osteosar-
coma of the orbit following radiation therapy. They also have a lesser
predisposition to osteosarcoma in the absence of irradiation. In either
case, the genetic change in the tumor cells is the loss of the two normal al-
leles of the retinoblastoma gene; thus, this gene is a tumor-suppressor gene
for osteosarcoma (Ha85) as well as for retinoblastoma. The probability of
mutation or loss of the normal gene in persons born with one mutant gene
in the germ line is apparently increased by radiation, as would be expected.

The retinoblastoma gene has recently been cloned, an accomplishment
that will greatly facilitate investigation of the relevant oncogenic mechanism,
the identification of those at risk, and the study of the physiology of the
gene in normal development (Fr86a, Fu87b, Le87a, LeSTb). It has already
been shown that the messenger RNA (mRNA) of the gene is absent or
defective in virtually every case of retinoblastoma, whether it was inherited
or not. In the nonhereditary cases, the two normal genes are lost or
mutated as the result of two somatic events, the second events being of
the same kinds as those observed in heritable cases (see above). The only
difference between the two forms of tumor is that the first event is present
in the germ line in one form and occurs after conception in the other.

The idea that recessive genes may suppress the oncogenic process is
not new. Previous experiments with somatic cell hybrids have shown that
the neoplastic character of most tumor cells can be suppressed by fusing
the cells with normal cell partners (St76). On the other hand, it is clear
that oncogenes are frequently abnormal in structure and/or function in
many tumors. It is probable, therefore, that protooncogenes and tumor-
suppressor genes are both important in carcinogenesis. Whether either or
both are necessary in every case of cancer remains to be determined.

Recessive Breakage and Repair Disorders

These disorders, which include xeroderma pigmentosum, ataxia telang-
iectasia, Fanconi's anemia, and Bloom's syndrome, are recessively inherited